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Summary
Objective: Male New Zealand black/KN (NZB/KN) mice spontaneously develop polyarthritis, characterized by destructive damages to the
articular cartilage and bone. We assessed effects of diacerein in male NZB/KN mice by radiographic and histopathologic examinations.
Design: Diacerein, cyclosporin A or vehicle for the control were orally administered for 7 months, initiating at 8 weeks of age when the arthritis
became apparent.
Results: At 39 weeks of age, the NZB/KN mice developed polyarthritis in the joints of the forelimbs and hind legs, radiographically
characterized by joint space narrowing, deformation of the joint surfaces, and bone erosions. Histopathologic findings showed that the tarsal
joints and knee sections from the NZB/KN mice exhibited overt arthritic lesion. Radiographic and histopathologic findings showed that
diacerein and cyclosporin A at a dose of 30 mg/kg/day significantly reduced the progression of arthritis.
Conclusions: Diacerein shows articular protecting effects against the development of spontaneous arthritis in male NZB/KN mice and
diacerein might be useful in the treatment of chronic inflammatory joint diseases during clinical use. © 1999 OsteoArthritis Research Society
International
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Male New Zealand black/KN (NZB/KN) strain is a subline of
NZB/San, which was bred at the Medical Science Institute,
Tokyo University, and donated to Kitasato University
School of Medicine. In male NZB/KN mice, joint lesions first
became evident at the age of 2 months, and these changes
became more severe by 14 months of age, and the
histopathologic characteristics showed hypertrophy and
hyperplasia of the synovial lining cells, irregularity of the
joint surfaces caused by pannus formation and erosion of
the cartilage layer.1 Rheumatoid factor and anti-type II
collagen antibodies were also produced, and bone marrow
transplantation prevented polyarthritis in these mice,2
suggesting that immunologic aberrations may be involved
in the pathogenesis of the disease.
Rheumatoid arthritis (RA) is a chronic, systemic auto-
immune disease characterized by joint swelling, synovial
inflammation, and cartilage destruction. Non-steroidal anti-
inflammatory drugs (NSAIDs), steroids, disease-modifying
anti-rheumatic drugs (DMARDs), immunosuppressive
drugs, and combination therapy have been used in the
treatment of RA. There are currently no therapies which
address this aspect of these diseases directly. The devel-533opment of an articular protecting safe drug, based on a
fundamental understanding of RA, is currently needed.3
Clinical studies have suggested that diacerein has a
beneficial effect on the symptoms of OA.4–6 Diacerein has
no effect on prostaglandin biosynthesis but shows anti-
osteoarthritic properties and chondroprotective effects, as
shown previously in animal models.7,8 Diacerein has been
shown to inhibit the migration of leukocytes into inflamed
tissue.9 It also reduces superoxide anion production by
human neutrophils10 and increases hyaluronan syn-
thesis.11 In addition, diacerein inhibits the proinflammatory
effects of interleukin-1 (IL-1) on cultured chondrocytes.12
Diacerein has the protective effect against granuloma-
induced cartilage breakdown by a reduction in the
concentrations of proinflammatory cytokines.13
In the present study, we evaluated the articular protect-
ing effects of diacerein against spontaneous polyarthritis in
male NZB/KN mice by radiographic and histopathologic
examinations.Materials and methodsReceived 1 July 1998; accepted 28 April 1999.
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ceutical Research Institute, Kyowa Hakko Kogyo Co., Ltd., 1188
Shimotogari, Nagaizumi-cho, Suntou-gun, Shizuoka 411-8731,
Japan.ANIMALS
Male NZB/KN mice were purchased from Omura
Experimental Animal Institute (Kanagawa, Japan). Mice
used in this study were treated in compliance with the
Guiding Principles for the Care and Use of Laboratory
Animals approved by the Japanese Pharmacological
Society, and the experimental protocols were approved
by the ethical committee of Pharmaceutical Research
534 T. Tamura et al.: Diacerein in male NZB/KN miceFig. 1. Radiographs of hindlimb from male BALB/mice and male NZB/KN mice. Drugs were orally administered 5 days a week, for 7 months,
started at 8 weeks of age. (a) Male NZB/KN mice treated with vehicle were characterized by joint space narrowing, deformation of the joint
surfaces, and bone erosions. Male NZB/KN mice treated with diacerein 30 mg/kg/day (b) or with cyclosporin A 30 mg/kg/day (c) reduced thebone destruction.
Osteoarthritis and Cartilage Vol. 7 No. 6 535Institute, Kyowa Hakko Kogyo Co., Ltd. The animals were
kept at 22°C with a 12 h light-dark cycle. They had free
access to tap water and commercial chow.DRUGS
Diacerein was provided by Proter, Milano, Italy.
Cyclosporin A (Sandimmun® injection) was purchased
from Sandoz, Ltd (Berne, Switzerland). Diacerein was
suspended in 5% gum arabic (Wako Pure Chemical
Industries, Osaka, Japan) solution immediately before use
and cyclosporin A was diluted in distilled water immediately
before use for oral administration to mice at a constant
volume of 10 mL/kg body weight. Five percent gum arabic
solution was orally given to control groups. Drugs and
vehicle were orally administered to mice 5 days a week.EXPERIMENTAL SCHEDULE
Diacerein, cyclosporin A or vehicle for the control were
orally administered 5 days a week, for 7 months, started at
8 weeks of age when the arthritis became apparent. To
follow the development of the arthritis, radiographs were
taken at 8, 17, 26, 34 and 39 weeks of age. At the end of
the experiment, mice were observed for histopathologic
changes.RADIOGRAPHIC EVALUATION
Radiographs were taken in a Softex CMB-2 (Softex Co.,
Tokyo, Japan) using Fuji FR X-ray film (Fuji Photo Film Co.,
Tokyo, Japan) under the following conditions: 45 cm dis-
tance; 30 kVp tube voltage; 15 mA tube current; and 20 s
irradiation time. For radiographs, mice were anesthetized
by intraperitoneal injection of pentobarbital (Nembutal®
Injection, Abbott Laboratories, Illinois, USA) at 50 mg/kg
and limbs were taped into position on film carries, and
radiographed as described above. Radiographs were read
under an anatomic microscope. Radiographs were blindly
scored according to the presence or absence of osteolytic
changes, articular abnormalities, deformities of joint sur-
faces and cavities, deformities due to bone fusion, and the
number of bones degraded in the forelimbs, hind legs
(talus, calcaneus, cuneiform, metatarsal, phalanx, tibia,
fibula, knee, ulna, radius etc.) and the tail as previously
1described.HISTOPATHOLOGIC EVALUATION
At the end of the experiment, the forelimbs and hind legs
were fixed in 10% neutral buffered formalin. Following
decalcification, the joints were processed and stained with
haematoxylin and eosin (H&E), with toluidin blue or with
masson trichrome. The histopathologic changes in each
joint were blindly evaluated by scoring a graded scale from
0 to 3 in accordance with a modification of the evaluation
critiera described by Hom et al.;14 0=intact, normal,
0.5=minimal synovitis, primarily featuring the infiltration of
mononuclear inflammatory cells into the synovial mem-
brane, 1=mild synovitis, with no cartilage degeneration or
bone changes, 2=moderate synovitis, with mild cartilage
and bone changes, 3=marked synovial inflammation, fibro-
blast proliferation, cartilage damage and periosteal bony
proliferation. The maximum attainable score was 12.Table I
Effects of diacerein and cyclosporin A on radiographic change in
male NZB/KN mice
Drug Dose
mg/kg/day
N Radiographic score
Mean (S.E.)
Control — 8 197.3 (4.8)
Diacerein 30 11 139.8 (6.2)***
Cyclosporin A 30 7 150.7 (5.7)***
Drugs were orally administered 5 days a week, for 7 months,
starting at 8 weeks of age. Radiographs were blindly scored in the
forelimbs, hind legs (talus, calcaneus, cuneiform, metatarsal,
phalanx, tibia, fibula, knee, ulna, radius etc.) and the tail as
described in the method. ***: significantly different from the vehicle
treated control group; P<0.001 (Student’s t-test).Fig. 2. Effects of diacerein and cyclosporin A on radiographic
changes of fore limbs and hind legs in male NZB/KN mice. Mice
were orally administered with vehicle ( , N=8); diacerein, 30 mg/
kg/day ( , N=11); cyclosporin A, 30 mg/kg/day (h, N=7) for
7 months started at 8 weeks of age. Radiographs were blindly
scored in each paw as described in the method. Each point
represents the mean±s.e. ** and ***: significantly different from the
vehicle treated control group; P<0.01 and P<0.001, respectively
(Student’s t-test). †: significantly different from the vehicle treated
control group; P<0.001 (Aspin-Welch test).Table II
Dose response of diacerein effect on radiographic change in male
NZB/KN mice
Drug Dose
mg/kg/day
N Radiographic score
Mean (S.E.)
Control — 8 198.9 (4.5)
Diacerein 3 4 190.0 (9.1)
10 4 184.8 (12.3)
30 5 130.0 (4.8)***
Diacerein was orally administered 5 days a week, for 7 months,
started at 8 weeks of age. Radiographs were blindly scored in the
forelimbs, hind legs (talus, calcaneus, cuneiform, metatarsal, pha-
lanx, tibia, fibula, knee, ulna, radius etc.) and the tail as described
in the method. ***: significantly different from the vehicle treated
control group; P<0.001 (Scheffe test).STATISTICAL ANALYSIS
The values obtained were expressed as the mean with
standard error for each group. Data from the radiographic
536 T. Tamura et al.: Diacerein in male NZB/KN miceFi
g.
3.
Ph
ot
om
ic
ro
gr
ap
hs
o
ft
he
ta
rs
al
joi
nts
(a,
b)
a
n
d
fo
re
pa
w
tis
su
e
(c,
d)
fro
m
m
a
le
N
ZB
/K
N
m
ic
e.
D
ru
gs
w
e
re
o
ra
lly
a
dm
in
ist
er
ed
5
da
ys
a
w
e
e
k,
fo
r7
m
o
n
th
s,
st
ar
te
d
a
t8
w
e
e
ks
o
fa
ge
.A
tt
he
e
n
d
o
ft
he
e
xp
er
im
en
t,
th
e
joi
nts
w
e
re
pr
oc
es
se
d
a
n
d
st
ai
ne
d
w
ith
H
&E
.(a
,c
);M
al
e
N
ZB
/K
N
tre
at
ed
w
ith
ve
hi
cl
e
w
e
re
ch
ar
ac
te
riz
ed
by
in
filt
ra
tio
n
o
fm
o
n
o
n
u
cl
ea
rc
e
lls
,
hy
pe
rp
la
sia
o
fs
yn
ov
ia
ll
in
in
g
ce
lls
a
n
d
pa
nn
us
fo
rm
at
io
n.
(b,
d);
M
al
e
N
ZB
/K
n
m
ic
e
tre
at
ed
w
ith
di
ac
er
ei
n
30
m
g/
kg
/d
ay
re
du
ce
d
th
e
de
ge
ne
ra
tiv
e
le
si
on
s.
O
rig
in
al
m
a
gn
ific
a
tio
n
×
60
.
Osteoarthritis and Cartilage Vol. 7 No. 6 537evaluation were analysed using either the Scheffe test,
the Student’s t-test or the Aspin-Welch test. Data from
the histopathologic evaluation were analysed using
Mann-Whitney U-test.ResultsRADIOGRAPHIC EVALUATION
At 39 weeks of age, control male NZB/KN mice devel-
oped polyarthritis in the joints of the forelimbs and hind
legs, radiographically characterized by joint space narrow-
ing, deformation of the joint surfaces, and bone erosions
[Fig. 1(a)]. Diacerein or cyclosporin A, used as a positive
control, was orally administered for 7 months initiating at 8
weeks of age. There was no significant difference in body
weight change between control and treated mice (data not
shown). Radiographs showed that diacerein (30 mg/kg/
day) and cyclosporin A (30 mg/kg/day) reduced the pro-
gression of arthritis [Fig. 1(b) and (c)]. Table I showed the
effects of diacerein and cyclosporin A on the radiographic
score of the forelimbs, hind legs and the tail, as regarding
the progression of arthritis, at 39 weeks of age. The
radiographic score of the control group was 197.3±4.8. The
scores of the treated mice were significantly reduced in
both diacerein (139.8±6.2) and cyclosporin A (150.7±5.7)
groups. When the radiographic score of each paw recorded
over time, they showed the similar evolution (Fig. 2).
Next, the dose dependency of the suppressive effect
of diacerein in male NZB/KN mice was examined. Mice
were treated with various doses of diacerein (3, 10 and
30 mg/kg/day) for 7 months starting at 8 weeks of age.
Table II shows that 3 and 10 mg/kg/day dosages had little
or no effect on the radiographic score, but there was a
statistically significant reduction at 30 mg/kg/day.HISTOLOGICAL EVALUATION
At 39 weeks of age, the tarsal joints and forepaw
tissue from control male NZB/KN mice exhibited overt
arthritic lesions; infiltration of mononuclear cells, hyper-
plasia of synovial lining cells and pannus formation
with resulting articular cartilage and subchondral bone
destruction [Fig. 3(a, c)]. In contrast, diacerein (30 mg/kg/
day) treated mice had a lower incidence of arthritic
lesions than control mice [Fig. 3(b, d)] and had a sig-
nificantly suppression of the histopathologic score
(Table III). Cyclosporin A also significantly suppressed the
histopathologic changes.Table III
Histopathological effects of diacerein and cyclosporin A on soft
tissue and osteoarticular tissue in male NZB/KN mice
Drug Dose
mg/kg/day
N Soft tissue
Mean (S.E.)
Osteoarticular
tissue
Mean (S.E.)
Control — 8 9.1 (0.2) 9.5 (0.3)
Diacerein 30 11 6.8 (0.5)** 6.2 (0.4)***
Cyclosporin A 30 7 6.4 (0.4)** 5.2 (0.5)***
Drugs were orally administered 5 days a week, for 7 months,
starting at 8 weeks of age. At the end of the experiment, the
forelimbs and hind legs were fixed in 10% neutral buffered forma-
lin. Following decalcification, the joints were processed and
stained with H&E, toluidin blue or masson trichrome. ** and ***:
significantly different from the vehicle treated control group;
P<0.01 and P<0.001, respectively (Mann–Whitney U-test).Discussion
Experimental arthritis models, including adjuvant arthritis
in rats,15 collagen-induced arthritis in rats and mice16 and
spontaneous arthritis in MRL/lpr mice,17 have been widely
employed to study the compounds for RA. Indeed, these
models are considered to resemble RA in terms of
histopathologic features. However, most arthritic ex-
perimental models develop arthritis within a short time,
and it is therefore difficult to assess the long-term effects of
agents such as slow-acting anti-rheumatic drugs. These
models are sensitive to NSAIDs treatment, despite their
lack of effectiveness in preventing joint destruction in RA.18
In male NZB/KN mice, joint lesions first become evident
at the age of 2 months, and these changes become moresevere by 14 months.1 Male NZB/KN mice may be useful in
evaluating anti-rheumatic drugs. However, a wide range of
autoantibodies such as the rheumatoid factor and anti-type
II collagen antibodies are produced in these mice, although
the contribution of autoimmunity to the expression of
arthritic disease is not yet clear. This suggests that
immunologic aberrations may be involved in the patho-
genesis of the disease and their arthritis diseases may
be sensitive to immunosuppressive drugs, such as
SM-8849,19 and DMARDs, sonatimod.20 On the other
hand, these mice are completely insensitive to treatment
using NSAIDs, indomethacin, their lack of effectiveness in
preventing joint destruction in RA.19
Diacerein has proved to be effective and well tolerated in
the long-term treatment of OA.4–6 Diacerein reveals a
somewhat particular clinical profile, in the sense that its
activity takes effect slowly, and is prolonged for some time
after the suspension of treatment. In this study, we investi-
gated the effect of diacerein and cyclosporin A in male
NZB/KN mice. Diacerein reduced the development and
progression of radiographic score, showing significant
reduction at a dose of 30 mg/kg/day for 7 months. Diac-
erein significantly suppressed the histopathological
changes in the tarsal joints and knee sections. Cyclosporin
A also significantly suppressed the radiogrpahic score and
histopathological changes at a dose of 30 mg/kg/day.
Autoimmune-prone mice show increases in circulating
immune complex and anti-single-stranded DNA (anti-
ssDNA) antibodies with age. We measured anti-type II
collagen antibodies and anti-ssDNA antibody by enzyme-
linked immunosorbent assay. There was no significant
difference in these antibody between control and treated
mice (data not shown).
The effect of diacerein seems to be mediated by an
action on several of the inflammatory mechanisms.21 The
mechanism of action of diacerein is different from that
described for classic NSAIDs or steroids. Diacerein
has no effect on phospholipase A2, cyclooxygenase or
5-lipoxygenase, but has been shown to stimulate synthesis
of prostaglandin E2 by chondrocytes in culture and to inhibit
expression of collagenase by chondrocytes exposed to
IL-1.22–26 Rhein, an active metabolite of diacerein, inhibits
the phagocytic activity of neutrophils and macrophages,27
and inhibits the superoxide production by stimulated neu-
trophils.6,7 In addition, rhein affects the release and the
activity of lysosomal enzymes of activated PMNs, and
moderately inhibits their chemotaxis.28 Such evidence
indicates that the chondroprotective effect by diacerein may
538 T. Tamura et al.: Diacerein in male NZB/KN micecontribute to suppression of articular damage in male
NZB/KN mice. However, further studies may be necessary
to determine whether the inhibitory action of diacerein is
associated with the immunoregulatory action.
In the present study, we investigated the prophylactic
effects of diacerein on the development of spontaneous
arthritis in male NZB/KN mice to obtain further insight
into the clinical application of this medication. Conse-
quently, diacerein has the effect to modify underlying dis-
ease processes which occur in both OA and RA, thereby
maintaining long-term joint function.References
1. Nakamura K, Kashiwazaki S, Takagishi K, Tsukamoto
Y, Morohoshi Y, Nakano T, et al. Spontaneous degen-
erative polyarthritis in male New Zealand black/KN
mice. Arthritis Rheum 1991;34:171–9.
2. Nakagawa T, Nagata N, Hosaka N, Ogawa R,
Nakamura K, Ikehara S. Prevention of autoimmune
inflammatory polyarthritis in male New Zealand
black/KN mice by transplantation of bone marrow
cells plus bone. Arthritis Rheum 1993;36:263–8.
3. Wicks I, McColl G, Harrison L. New perspectives on
rheumatoid arthritis. Immunol Today 1994;15:553–6.
4. Lingetti M, D’Ambrosio PL, Di Grezia F, Sorrentino P,
Lingetti E. A controlled study in the treatment of
osteoarthritis with diacerhein (Artrodar). Curr Ther
Res 1982;31:408–12.
5. Marcolongo R, Fioravanti A, Adami S, Tozzi E, Mian M,
Zampieri A. Efficacy and tolerability of diacerhein in
the treatment of osteoarthritis. Curr Ther Res
1988;43:878–87.
6. Nguyen M, Dougados M, Berdah L, Amor B.
Diacerhein in treatment of osteoarthritis of the hip.
Arthritis Rheum 1994;37:529–36.
7. Mazieres B, Berdah L, Triechart M, Viguier G.
Diacethylrhein on a postcontusion model of exper-
imental osteoarthritis in the rabbit. Rev Rheum
1993;60:77S–81S.
8. Brabdt KD, Smith G, Kang SY, Myeres S, O’Connor N,
Albrecht M. Effects of diacerhein in an accelerated
canine model of osteoarthritis. Osteoarthritis Cart
1997;5:438–49.
9. Mian M, Benetti D, Rosini S, Fantozzi R. Effects of
diacerein on the quantity and phagocytic activity
of thioglycollate-elicited mouse peritoneal macro-
phages. Pharmacology 1989;39:362–6.
10. Mian M, Brunelleschi S, Tarli S, Rubino A, Benetti D,
Fantozzi, et al. Rhein: an antraquinone that modu-
lates superoxide anion production from human
neutrophils. J Pharm Pharmacol 1987;39:845–7.
11. Schongen RN, Giannetti BM, van de Leur E, Reinards
R, Greiling H. Effect of diacetylrhein on the phago-
cytosis of polymorphonuclear leucocytes and its
influence on the biosynthesis of hyaluronate in
synovial cells. Arzneimittelforschung 1988;38:744–8.
12. Boittin M, Redini F, Loyau G, Pujol J-P. Effect of
diacerhein (ART 50®) on matrix synthesis and
collagenase secretion by culture rabbit joint chondro-
cytes. Rev Rhum 1993;60:68S–76S.
13. Moore AR, Greenslade KJ, Alam CA, Willoughby DA.
Effects of diacerhein on granuloma induced cartilagebreakdown in the mouse. Osteoarthritis Cart
1998;6:19–23.
14. Hom JT, Bendele AM, Carlson DG. In vivo admin-
istration with accelerates the development of
collagen-induced arthritis in mice. J Immunology
1988;141:834–41.
15. Waksman BH, Pearson CM, Sharp JT. Studies of
arthritis and other lesions induced in rats by injection
of mycobacterial adjuvant. Evidence that the
disease is a disseminated immunologic response to
exogenous antigen. J Immunol 1960;85:403–17.
16. Trentham DE, Townes AS, Kang AH. Autoimmunity to
type II collagens. An experimental model of arthritis.
J Exp Med 1977;146:857.
17. Hang L, Theofilopoulos AN, Dixon FJ. Spontaneous
rheumatoid arthritis-like disease in MRL/l mice. J Exp
Med 1982;155:1690–701.
18. Pullar T. Disease modifying drugs for rheumatoid
arthritis; yesterday’s treatment today or today’s treat-
ment tomorrow. Br J Clin Pharmac 1990;30:501–10.
19. Nishikaku F, Nakamura K, Kashiwazaki S, Koga Y.
Prevention of spontaneous polyarthritis in NZB/KN
mice by treatment with a novel thiazole derivative,
SM-8849. Drug Exp Clin Res 1994;20:85–92.
20. Takeshita K, Kimura M, Otomo S, Nakamura K,
Kashiwazaki S. Effect of new anti-rheumatic drug on
spontaneous degenerative polyarthritis in male New
Zealand Black/KN mice. 56th Annual Scientific
Meeting of the American College of Rheumatology.
Atlanta, Georgia, USA, 1992.
21. Spencer CM, Wilde MI. Diacerein. Drugs 1997;53:
98–106.
22. Pomarelli P, Berti M, Gatti MT, Mosconi P. A non-
steroidal anti-inflammatory drug that stimulates
prostaglandin release. IL Farmaco Ed Sci 1980;35:
836–42.
23. Franchi-Micheli S, Lavacchi L, Friedman CA, Zilletti L.
The influence of rhein on the biosynthesis of
prostaglandin-like substances in vivo. J Pharm
Pharmacol 1983;35:262–4.
24. La Villa G, Marra F, Laffi G, Belli B, Meacci E, Fascetti
P, et al. Effects of rhein on renal arachidonic acid
metabolism and renal function in patients with con-
gestive heart failure. Eur J Clin Pharmacol
1989;37:1–5.
25. Petrillo M, Montrone F, Ardizzone S, Caruso I, Porro
GB. Endoscopic evaluation of diacerhein-induced
gastric mucosal lesions. Curr Ther Res 1991;49:
10–5.
26. Pujol J-P. Collagenolytic enzymes and interleukin I:
their role in inflammation and cartilage degradation;
the antagonistic effects of diacerhein on IL-1 action
on cartilage matrix components. Osteoarthritis Cart
1993;1:82.
27. Mian M, Trombi L, Rosini S, Benetti D, Caracciolo F,
Carulli G, et al. Experimental studies on diacerein:
Effects on the phagocytosis of neutrophil cells from
subcutaneous carrageenan-induced exudate. Drug
Exp Clin Res 1987;13:695–8.
28. Mian M, Azzara A, Benetti D, Ruocco L, Bertelli A,
Ambrogi F. Studies in vitro on the effects of rhein on
the chemotaxis of human leukocytes. Int J Tiss Reac
1987;11:459–3.
